ABSTRACT. The present paper provides a complete zoogeographical analysis of the sea anemones (Actiniaria and Corallimorpharia) of continental Chile. The species described in the primary literature are listed, including depth and distribution records. Records and the taxonomic status of many eastern South Pacific species are doubtful and need revision and confirmation. Since 1994, we have collected more than 1200 specimens belonging to at least 41 species of Actiniaria and Corallimorpharia. We sampled more than 170 sites along the Chilean coast between Arica (18°30'S, 70°19'W) and the Straits of Magellan (53°36'S, 70°56'W) from the intertidal to 40 m depth. The results of three recent expeditions to the Guaitecas Islands (44°S) and the Central Patagonian Zone (48°-52°S) are included in this study. In the fjord Comau, an ROV was used to detect the bathymetrical distribution of sea anemones down to 255 m. A distribution map of the studied shallow water sea anemones is given. The northern part of the fjord region is inhabited by the most species (27). The results show the continuation of species characteristic for the exposed coast south of 42°S and the joining of typical fjord species at this latitude. This differs from the classical concept of an abrupt change in the faunal composition south of 42°S.
INTRODUCTION
Although sea anemones are very abundant along the Chilean coast, they are among the most neglected groups of benthic invertebrates; very little information is available on these species, especially for the Central Patagonian Zone (46°-54°S). The majority of the 63 species cited for continental Chile has been described from material collected during large vessel-based expeditions to the eastern South Pacific and Antarctica during the 19th and first half of the 20th century (Lesson, 1830; Dana, 1846; Hertwig, 1882; McMurrich, 1893 McMurrich, , 1904 Carlgren, 1899 Carlgren, (for 1898 Carlgren, ), 1927 Carlgren, , 1959 . Many species have not been cited or studied since their first description. As the original descriptions are often very short, incomplete, based on poorly preserved material, and include few characteristics of the living animals (e.g. see Carlgren, 1959) , identification of the species in the field is nearly impossible (Häussermann, 2004a) . Only about a dozen papers with restricted topics have been published about Chilean sea anemones since then (Carter, 1965; Stotz, 1979; Brace, 1981; Zamponi & Excoffon, 1992 , 1995 Dayton et al., 1995; Häusser-mann & Försterra, 2003; Häussermann, 2003 Häussermann, , 2004b Häussermann, , 2004c , including only two new species (RiemannZürneck & Gallardo, 1990; Häussermann & Förste-rra, 2001 ). The sea anemones of the fjord region are the least studied; only two of the recent papers deal with one species of the fjords each (Dayton et al., 1995; Häussermann, 2004c) . Sebens & Paine (1979) published the first distribution map of 31 Chilean sea anemones. Häussermann & Försterra (2005) compiled a species list of sea anemones described for the Chilean coast, presented a distribution map of 32 shallow water sea anemones, and discussed the relationship of the Chilean actinofauna with the Argentinean and Antarctic fauna.
Since 1997, Günter Försterra and I have collected sea anemones all along the Chilean coast. In 2005 and 2006, we first carried out three expeditions to the remote Guaitecas Islands (44°S) and to the hardly accessible Central Patagonian Zone (48°S-52°S). We also applied an ROV at 16 sites in the fjord Comau (42°S). These additional data are included in a discussion of the latitudinal, longitudinal, and bathymetrical distribution patterns of sea anemones along the Chilean coast with a special focus on the fjord region.
MATERIAL AND METHODS
Studying the original literature, I compiled a list of all sea anemones (Actiniaria and Corallimorpharia) described for continental Chile, including family affiliation, original species name, type locality (if within Chile), and geographic and bathymetrical distribution (Table 1, Fig. 1) . I compared the results to the data available in the hexacoral database (Fautin, 2003) . Between 1994 and 2006 , together with Günter Förste-rra, we observed, collected, examined, and preserved more than 1200 specimens of 41 clearly distinguishable shallow-water Actiniaria and Corallimorpharia at more than 170 sites along the Chilean coast from Arica (18°30'S, 70°19'W) to Fuerte Bulnes, Straits of Magellan (53°36'S, 70°56'W). The results of three recent expeditions to the Guaitecas Islands (44°S) and the Central Patagonian Zone (48°-52°S) are included in this study. For details on sampling sites, see Häussermann (2003) and Försterra & Häussermann (2003) . We kept the distance between neighbouring study sites to less than 200 km. We examined and photographed specimens in situ by means of Scuba-diving to depths of 25 m in northern and central Chile and to 35-40 m in the fjords. For details on the sampling, preservation, and examination processes of the samples, see Häussermann (2004a) .
The biogeographic regions used in this study are based on the system proposed by Brattström & Johanssen (1983) and Lancellotti & Vásquez (1999) .
Biogeographic Provinces within Chile
Most authors propose two main biogeographic regions within Chile: the Peruvian or warm-temperate Province between the Peninsula Illescas (or Bayovar) (approx. 6°S) and Chiloé Island (42°S) and the Magellan or cold-temperate Province between Chiloé Island and Cape Horn (56°S) (Brattström & Johanssen, 1983; Camus, 2001) . Pickard (1973) , Viviani (1979) , and Stuardo & Valdovinos (1992) Described from the Gulf of California.
4
Possibly also occurs in Argentina (Riemann-Zürneck, 1986).
5
A northern Atlantic species, the Chilean species might be a different one.
6
Dwarf species in shallow waters of the northern part of the fjord region (Carlgren, 1959) . Described from Argentina. Argentinean species cited once for Chile (Doumenc, 1984) .
9
Argentinean species (Riemann-Zürneck, 1986). 10 Since B. hermaphrodicica seems to be a shallow-water species, specimens from deep collection sites (Carlgren, 1959) 
RESULTS

Literature review
The literature review yielded the following results: 19 of the 70 species described for Chile are of uncertain taxonomic status, two of them are of uncertain classification, and seven could preliminarily be synonymized with other species (Actinauge fastigata, Phellia spinifera, Sagartia nymphaea, Metridium parvulum, Polystomidium patens, Nemactis rubus, Actinia mertensi) ( Table 1) . After excluding these synonymies, a list of 63 species of sea anemones described for the Chilean coast remains (Table 1) : 19 (30%) of these only occur in waters deeper than 100 m (see Table 1 ), one was once found in a medusa (Peachia chilensis), four are originally described from very distant regions (Chondrophellia nodosa var. coronata and its synonym Actinauge verrilli, Stephanauge nexilis, Phlyctenactis tuberculosa, and Aiptasiomorpha elongata), and three are cosmopolitan (Corallimorphus profundus, C. rigidus, and Liponema multipora).
Of the 63 species described in the literature for the Chilean coast, more than half are only mentioned in one publication for one (29 species) and three sampling sites (four species: Aiptasiomorpha elongata, Phelliactis pelophila, Gyrostoma incertum, Gonactinia prolifera), respectively. Four species (Oulactis coliumensis, Actinostola crassicornis, Choriactis impatiens, Boloceropsis platei) were only cited twice for Chile. Galanthemum profundale was found at only one Chilean sampling site, but is widely distributed in the Subantarctic deep-sea. Of the 36 species mentioned only once for Chile, 19 are endemic.
I compiled a distribution map of 60 species (Figs. 1a y 1b) , indicating the type (triangles) and other (quadrates) localities; all sites were connected by a line to improve clarity. Thirty-six species are described for the Peruvian Province (17 = 47% restricted to it), 10 (28%) of which are found at depths greater than 100 m. Forty-two species are described for the Magellanic Province (24 = 57% restricted to it), eight (19%) of which are described from deeper water; of these 42 species, 31 can be found in the North Patagonian Zone (four deep-water species), 10 in the Central Patagonian Zone (four deep-water species), and 16 in the South Patagonian Zone (four deep-water species).
Own collection
Of the 41 shallow-water sea anemone species (0-40 m) we collected along the Chilean coast, we identified 23 to the species level and three to the genus level; 15 species have not been identified yet. I compiled a distribution map (Fig. 2) including findings from other authors.
Eighteen species inhabit the Peruvian Province (4 = 22% restricted to it) and 35 species the Magellanic Province (11 = 31% restricted to it). Of the 35 Magellanic species, 27 inhabit the North Patagonian Zone (7 = 26% restricted to this area), 19 the Central Patagonian Zone (5 = 26% restricted to this area), and eight the South Patagonian Zone (4 = 50% restricted to this area). There is no clear concentration of southern distribution limits. The highest concentration of the northern distribution limits lies at approx. 42°S (13).
Of the 18 Peruvian Province species, five had their northern distribution limit and four their southern distribution limit between Iquique (20°S) and Valdivia (40°S). Another nine species had their southern distribution limit south of Puerto Montt within the fjord region And four had their southern distribution limit close to the Peninsula Taitao.
Of the 35 species of the fjord region, 11 had their northern distribution limit in Puerto Montt (42°S), nine north of Puerto Montt, and two had deep-water records off northern Chile. In the North Patagonian Zone, 12 of the species can be found in the inner fjords (two restricted to these) and 24 around the exposed islands (11 restricted to the more exposed areas). In the Central Patagonian Zone, seven species can be found in the inner fjords and 16 in the channels.
DISCUSSION
Results from the literature
Looking at the data from the literature (Figs. 1a y  1b) , no zoogeographic limits are recognizable along the Chilean coast. The Magellanic Province (42 species) shows greater diversity than the Peruvian Province (36 species). Within the Magellanic Province, the North Patagonian Zone is inhabited by the most species (31). This reflects the extensive higher sampling effort close to Puerto Montt (42°S) due to the numerous collection sites of the Lund University Chile Expedition in the Golfo de Ancud (1948-49) . A higher sampling effort can again be observed in the Straits of Magellan. Nevertheless, the observed distribution patterns of the Chilean sea anemone species show a strong deficit in data. During the large vessel-based expeditions, most sampling was carried out off Coquimbo, Valparaíso, Concepción, Puerto Montt, and Punta Arenas, mainly in the intertidal and deeper waters. Sampling sites between these cities are rare. The most serious sampling deficit lies in the Chilean fjord region. This region is formed by two mountain ranges, the high Andes and the coastal mountain range; the valleys of the latter range are partially submerged south of Puerto Montt, forming countless islands and fjords. Due to the highly structured morphology, the coastline is increased by a factor of 60, totalling nearly 90000 km (map scale). This hardly accessible area with harsh weather conditions holds a high amount of different habitats from protected fjords to channels and exposed coast. Although recent expeditions to this region took place (Joint Magellan "Victor Hensen" Campaign 1994, CIMAR Fiordos expedition, 1995-present) , no papers about the sea anemones collected during these trips have been published so far. The distribution data from Sebens & Paine (1979) were not included in this analysis because if and how species were sampled or identified was not comprehensible (in their collection, only the most common species were given name tags; only a few species originated from the fjord region). Within the fjord region, the shallow-water fauna of the rocky subtidal, especially the more exposed areas, has been sampled least of all since it can only be examined by Scuba diving and with ROVs. 
Results from own sampling
The northern and central Chilean coast
Only four of the northern Chilean shallow-water sea anemones found in this study have distribution ranges within the limits of the Peruvian Province (Fig. 2) ; their southern distribution limits are spread over more than 1000 km. Most of the species found off northern and central Chile extend clearly south of Puerto Montt into the fjord region (Fig. 2) . The observed pattern fails to indicate either the existence of a sea anemone fauna that is characteristic of the Peruvian Province or a transitional zone north of Puerto Montt. Thus, the pattern contradicts the classical hypothesis of a general faunal break at 42°S (Brattström & Johanssen, 1983; Camus, 2001 ). Rather, a gradual replacement of warm water species through cold water species can be observed along the coast, as is also known for polychaetes (Montiel et al., 2004 (Montiel et al., , 2005 .
The fjord region
Eurybathy or deep-water emergence
Eurybathy or deep-water emergence is an interesting phenomenon in which species that are generally found in deeper waters appear in relatively shallow fjord waters. This phenomenon is also known from other fjords, e.g. in New Zealand (Grange et al., 1981) and Norway. We found several of these deepwater species (e.g. Actinostola chilensis, Isotealia antarctica, Bolocera occidua) in the Central Patagonian Zone, in even shallower water than in the North Patagonian Zone. This observation was confirmed by species of other invertebrate taxa (e.g. the gastropod Acesta patagonica and probably also the hydrocoral Errina antarctica). When reaching farther north along the exposed Chilean coast, at least part of the Patagonian cold-water fauna (e.g. the corals Desmophyllum dianthus, Caryophyllia huinayensis, and Tethocyathus endesa, and the gastropod Acesta patagonica) is displaced to greater depths, where it can be found at several hundred m depth, e.g. off Concepción (e.g. Schrödl, 2003; Cairns et al., 2005) or off Coquimbo (Doumenc, 1984, e.g. Hormathia pectinata, Actinostola chilensis) ; in these cases, the fauna is overlain by northern warm water fauna.
The North Patagonian Zone (Puerto Montt to Peninsula Taitao)
The northern part of the fjord region, the North Patagonian Zone, is inhabited by the highest number of shallow water sea anemones (27) . Within this area, the channels and exposed islands show higher diversity (24 species) than the inner fjords (12 species). This diversity distribution is probably due to the low salinity layer in the fjords that, in combination with the tidal amplitude, is responsible for relatively low diversity in the intertidal and shallow water (0-15 m). It might also influence larvae that depend on the upper water layers. Within a fjord, diversity diminishes from the mouth to the head.
In summary, one can say that the species we observed in the shallow waters of the northern fjord region belong to three different faunal elements: a) shallow water species that are clearly restricted to fjord-and channel-specific habitats; b) representatives of a deep-water emergence (eurybathy) fauna characteristic of the shallow waters of northern Chilean fjords but that can also be found in deeper waters further north; and c) the fauna of the exposed coast, more common in the outer channels and around the outer islands than in the inner fjords and extending further north along the Chilean coast. The first faunal element (restricted to fjord-specific habitats) has a clear-cut northern distribution limit due to the abrupt change in coastal morphology and, consequently, a lack of suitable habitats further north. This confirms the hypothesis of Riemann-Zürneck (1986) and Brattström & Johanssen (1983) that the South Chilean fauna possess a high percentage of endemic species. The coexistence and merging of the three faunistic elements mentioned above is provoked by an abrupt diversification of coastal morphology south of 42°S due to the splitting up of the straight coastline into numerous channels and fjords. This results in an increased number of species and thus characterizes the fjord region as a biodiversity hotspot (see also Fernández et al., 2000) .
The Central Patagonian Zone (Peninsula Taitao to Straits of Magellan)
South of the Peninsula Taitao (46-47°S), glaciers and melt water from the Southern Patagonian Icefield strongly influence the hydrographic conditions (Pickard, 1973) ; the fiords of this region is characterized by low salinities and high sedimentation (Pickard, 1973) . The high stress due to sedimentations might be the reason for the relatively low biodiversity (Thatje & Mutschke, 1999) , not only for sea anemones (own observation), in the inner fjords (seven species). In the channels and islands where the influence of glacial sediment was not noticeable anymore, we found very diverse benthic communities with a more southern Magellanic character, distributed very patchily, including 19 sea anemone species. Although we also found 14 of these 19 species in the North Patagonian Zone, their dominances differed strongly in each area. The most common shallow water species of the northern inner fjords, Anthothoe chilensis that is densely covering mytilid banks, was replaced by Metridium senile lobatum. This latter species was by far the most common species in the Central Patagonian Zone, reaching as far north as the Golfo de Penas and covering large areas. The species Metridium senile lobatum does not inhabit the fjords north of Peninsula Taitao where Anthothoe chilensis seems to have found its taken the same niche.
The South Patagonian Zone (Straits of Magellan to Cape Horn)
We found only eight species in the South Patagonian Zone, most probably due to a lower sampling effort, and e.g. we found no species in the area around Puerto Natales, which is strongly influenced by glacial sediment. In Fuerte Bulnes, south of Punta Arenas, we only sampled at one site and examined the intertidal of two sites.
CONCLUSIONS
The Chilean actinofauna is still very poorly known. Of the 63 Chilean species, 19 (30%) are of uncertain taxonomic status, 36 (57%) were only reported once for Chile, and 19 (30%) have only once been sampled. Nineteen (30%) of the described species were collected in water deeper than 50 m. The literature mainly reflects a sampling effort and does not allow further zoogeographical conclusions. Based on our own collections, the highest biodiversity of shallowwater sea anemones can be found in the northern part of the fjord region (66% of the 41 collected species), and within this region in the more exposed (western) areas. However, population densities of sea anemones within the fjords are at least as high as in the more exposed areas. The observed distribution pattern contradicts the classical hypothesis of a general faunal break at 42°S, suggesting instead a gradual replacement of warm water species through cold water species along the coast. It still remains to be clarified whether the Peninsula Taitao represents a major zoogeographic barrier. The species limited to fjord habitats have their northern distribution limit at 42°S due to the lack of adequate habitats further north. In the fjords, deep-water emergence adds deep-water species to the shallow water fauna. This phenomenon seems to be more pronounced in the Central and South Patagonian Zone than in the North Patagonian Zone. The area with the highest sampling deficit is the Patagonian fjord region and, within this region, especially the more exposed areas.
